The work described in this paper was undertaken in .order to throw light on the course of acid hydrolysis of gramicidin, and has especial significance in connexion with the analytical data already reported for a partial acid hydrolysate of gramicidin (Synge, 1944) . The time course of evolution, during low temperature acid hydrolysis, has now been studied for amino groups, 'hydroxyamino' groups (i.e. free ethanolamine-Synge, 1045),and free axnino-acids.
Interpretation of the mode of-breakdown of granicidin has been assisted by parallel studies of the hydrolysis, under the same conditions, of a number of dipeptides e-mbodying peptide bonds representative of those possibly present in gramicidin.
Data in the literaKture on the kinetics of acid hydrolysis of peptides, etc. are fragmentary and scattered (e.g. Abderhalden & Bahn, 1932, i935 ; Abderhalden & Brockrnann, 1927; Abderhalden & Koppel, 1927; Abderhalden & Mahn, 1927 , 1928 Abderhalden & Sickel, 1927; Steiger, 1934) , whereas extensive data on the kinetics of line'hydrolysis have been, published, especially by Levene and Abderhalden and their respective collaborators. The peptides employed in the present experiments were mostly the same as those employed in a study of alkaline hydrolysis ldnetics .by Levene, Steiger & Rothen (1932) . Comparison has therefore been possible of the effects of some amino-acid sidechains on the rate of hydrolysis of adjacent peptide bonds by acid and alkali; in this connexion the present observations have general significance in protein chemistry.
EXPERIMENTAL

Material
Synheti dipeptidee. Glycyl-dl-alanine was prepared according to Fischer (1904) , ci-1any1glycine accrding to Axhauen (1905) and glycyl-l-tryptophan according to Abderhalden & Kempe (1907) . Other dipeptides employed were the preparations referred to by Synge (1944) .
Gramicidin. Preparation R 3 (Synge, 1944) The appearance of the mixture as hydrolysis proeeds has been described by Synge (1944 
Half-life period 
ACID HYDROLYSIS OF PEPTIDES
With glycyl-dl-alanine, the unimolecular mode of hydrolysis was further checked (i) by employing an initial concentration three times as great as usual, and (ii) by adding equimolar quantities of the hydrolysis products, glycine and dl-alanine, to the initial hydrolysis mixture. In both these experiments hydrolysis was unimolecular and the constant was the same as before.
Hydrolysi8 of gramicidin. In Table 2 complete hydrolysate, assuming the stoichiometric minimum molecule postulated by Gordon, Martin & Synge (1943a; cf. Synge, 1944 cf. Synge, , 1945 values of amino-N and ninhydrin-C02 for a 'complete ' hydrolysate approximate closely to these figures (Hotchkiss, 1941) .
It has been possible to obtain an estimate of the number of residues other than ethanolamine per last column of Gordon, Martin & Synge (1941) , Van Slyke, Dillon et al. (1941) and Stein, Moore & Bergmann (1944) .' In the present instance, glycyl peptides are probably absent and the amino-N values are therefore unlikely to be too high. The course of evolution of amino-N, aamino-N of free amino-acids and 'hydroxyamino-N' as percentages of the theoretical maximum for each quantity is plotted in Fig. 3 . DISCUSSION When the synthetic dipeptides here studied are arranged in order of ease of hydrolysis by acid, it is seen (Table 1) that this sequence is the same (for those peptides common to both investigations) as that found for ease of hydroid lysis by alkali (Levene et al. 1932) . It should be noted, however, that when the velocity constants are expressed on a common scale (those for glycylglycine being taken as 1 both in acid and alkali) the differences are relatively greater for alkali than for acid. The influence of various alkyl side-chains on the hydrolyzability of an adjacent peptide bond is seen to be in the same Valylglycine is seen to be much the most resistant to acid hydrolysis of the dipeptides studied, and it is therefore easily understood why it was found in high yield, and substantially unaccompanied by free 'valine or glycine in a 10-day acid hydrolysate of gramicidin (Synge, 1944) . Valylvaline is probably still more resistant; its occurrence after vigorous acid hydrolysis of gramicidin (Christensen, 1943 (Christensen, , 1944 ) is thus readily explained.
It may be noted that the average number of amino-acid residues per peptide molecule in the 10-day gramicidin hydrolysate previously studied (Synge, 1944 ) is about 24 ( Table 2) .
The resistance to acid hydrolysis exhibited by peptides of the higher monoanmino-acids with fatty side-chains, such as leucylleucine and valylvaline, suggests that if such amino-acids occurred directly linked to one another, corresponding dipeptides would have been found by Gordon, Martin & Synge (1943b) in'the acid hydrolysates of gelatin studied by them and strengthens their suggestion that such linkages do not occur in gelatin, It is reasonable, as a first approximation, to assume that the stability to hydrolysis of each bond in a long peptide chain will depekid mainly on the nature of the amino-acid residues dir'ectly involved in it, in such a way that the relative stability of the various bonds will be correlated with that'of the corresponding dipeptides. On this view, long peptide chains would, at least in respect of their monoammo monocarboxylic residues, be subject to initial attack at much the same points both by acid and alkali; a disappointing prospect, as already noted (Synge, 1944) , for studies of protein structure by partial hydrolysis methods. However, although the same bonds in a long peptide chain are likely to be attacked initially, the subsequent effects of acid and alkali are likely to be different, since in acid ionic repulsion will protect the bond next to that broken and involving the residue whose amino group has been set free, while in alkali the corresponding bond involving the residue with a free carboxyl group vill be protected.
This enhaneed stability of dipeptides to acid and alkaline hydrolysis in comparison with larger peptides embodying the same amino-acid residues was postulated by Gordon et al. (1941; cf. Synge, 1943) on the basis of physico-.hemical theory and of impressions gained from a wide survey of the literaturer. It is now possible to adduce some more direct evidence in respect of the reality of the effect in acid hydrolysis:
(1) The observations of Stein et al. (1944) on the low temperature acid hydrolysis of silk show that consistently fewer free amino-acids and more di. peptides are present in the hydrolysate than would be the case if the splitting of peptide bonds werera4dom, on which assumption, when 1/n of the bonds in an original long-ohain peptide had been split, I/n2 of the amino-acid residues present 'would be free. (However, these effects were not so marked with the proteins studied -by GoZ'doxn et al. (1941) .) ( 2) The present study with gramicidin shows that the absolute rate of hydrolysis of gramicidin in its initial stages greatly exceeds the rate of hydrolysis of dipeptides corresponding to. bonds possibly present, and further that the number of free aminoacids at any single stage is less than the 'random' expectation. Christensen (private communication)* has also noticed the latter phenomenon with low temperature acid hydrolysis of gramicidin, and states that it is less marked with hydrolysis a1 higher temperatures. This diminution of the effect on raising the temperature is to be expected with the ionic repulsion mechanism already suggested.
(3) Christensen (1943, 1944) has found the peptide bond in valylvaline much more resistant to acid hydrolysis than thesame bond inbenzoylvalylvaline.
In comparing the course of hydrolysis of silk (Stein et al. 1944) 
